The spin-1 Ising (BEG) model has been simulated using a cellular au- 
where the I λν ij describes the interaction between species λ and ν on sites i and j, respectively. Second term in Eq. (1) describes the binding energy.
The irrelevant terms are included in H 0 . If site i is occupied by species λ, P λ i is equal to 1, and zero otherwise. This energy definition is also valid for the ternary alloys [6] . This model can be related to spin-1 Ising model by the following transformations: and AB 3 ) type stoichiometric structures as the ground state ordering [24, 25] .
The special orders of the Cu-Au (A 3 B, AB and AB 3 ) type binary alloys are investigated by the MC [28 − 32] , the CVM [33, 34] and the mean field theory [35, 36] considering also the spin-1/2 Ising model, the effective medium theory (EMT) [31, 36] , the Bozzola Ferrante Smith (BFS) [32] method and the numerical calculation [37] . The Cu-Au type structures are also studied experimentally by the x-ray diffraction [39 − 42] , the nuclear magnetic resonance (NMR) [43] , the galvanic cell study [44] , the electrical resistivity [45] and the electron diffraction [46, 47] in the binary alloys. Some of the theoretical [31, 36, 37] and the experimental studies [39, 41 − 47] for CuAu type structures have indicated that the AB ordering structure separated into two different structure as the modulated AB (type-II) phase and the AB (type-I) phase. The modulated AB (type-II) phase is produced from unit cells of the modulated AB (type-I) phase and is characterized by the existence of antiphase boundaries [46] . In this work, we have been investigated the Cu-Au type structures using an alternative algorithm improved from cellular automaton for the fcc the BEG model with repulsive biquadratic coupling.
In the previous papers, the Creutz and AB 3 ) type stoichiometric structures on the fcc BEG model using the heating algorithm [15, 16] The CA results for the 5% heating rate nearly agree with the CVM and MFA results for the critical lines. In addition, it is seen that the fcc BEG model on the cellular automaton exhibits the modulated AB (type-II) phase as indicated by the theoretical studies [31, 36, 37] and the experimental results [39, 41 − 47] for Cu-Au type structures.
Results and discussion
The simulations have been performed on the face-centered cubic lattice for linear dimension L= 9 with periodic boundary conditions using heating algorithm (The total number of sites is N = 4L 3 ). This algorithm is realized by increasing of 5% in the kinetic energy (H k ) of each site [15] . Therefore, the increasing value per site of H k is obtained from the integer part of the 0.05H k . In this study, +1 and −1 values of spin variable S i are related with species B (Au), while species A (Cu) is represented with 0 value of S i .
The computed values of the thermodynamic quantities are averages over the lattice and over the number of time steps (1.000.000) with discard of the first 100.000 time steps during which the cellular automaton develops.
The ground state diagram of the fcc BEG model is illustrated in Fig. 1 . 
where α indicate sublattices (α = a, b, c, d) (Fig. 2) .
According to the values of the sublattice order parameters, the model has the five different phases (P , F , A 3 B(a), AB 3 (f ), AB (type-1)) at absolute zero temperature and two different phases (A 3 B(f ) and AB (type-II)) above absolute zero temperature for −3 ≤ k < −1 [21, 24] :
These phase definitions except AB ordering structure are compatible with the MFA and the CVM studies [21, 24, 25] . In this study ferrimagnetic AB In the interval −8 < d < 0 through the k = −3 line, the model has the paramagnetic A 3 B(P ) ground state ordering. In the A 3 B(P ) ordering structure, three of the sublattices are occupied by A (S i = 0) species ( at the these successive phase transitions while the sublattice susceptibilities (χ α ) exhibit the broad peak with a strong peak at kT C1 /J and a shoulder at kT C2 /J, a weak peak at kT C3 /J and a characteristic peak at kT C4 /J for the 0.05H K value of the heating rate ( Fig. 7(b) ). However, the lattice specific heat (C/k) have a characteristic peak (kT C1 /J ) , a broad peak (kT C3 /J and kT C2 /J) and a strong peak at high temperature region (kT C4 /J) ( (Fig. 8(a) and 8(c) ) while the sublattice susceptibility and the lattice specific heat show a jump at the transition temperature (Fig. 8(b) and 8(d) ). At a certain temperature above kT t1 /J , the sublattice order parameters part equally from m α = q α = 0.6.
In this case, the model has the AB (type-I) ordering above a transition temperature kT t2 /J . At this transition, sublattice order parameters and the lattice Ising energy appear discontinuously and sublattice susceptibilities and the lattice specific heat exhibit a jump at the transition temperature kT t2 /J.
As the temperature increases, the sublattice order parameters coincide each other at kT C1 /J and this caused the ferromagnetic ordering. At a high temperature above kT C1 /J, the sublattice order parameters m α decrease to the value (m α = 0) of P ordering near the critical temperature kT C2 /J. In the F − P phase transition, the sublattice susceptibilities and the lattice specific heat has a characteristic peak at kT C2 /J. 
The phase diagrams
The critical behavior of the BEG model near the phase boundaries is in- 
Conclusion
The spin-1 Ising BEG model has been simulated using the heating algo- 
